To compare long-term outcomes of men with adverse pathologic features after adjuvant radiation therapy (ART) versus salvage radiation therapy (SRT) after radical prostatectomy at our institution.
N early 50% of men with prostate cancer will opt for primary treatment with a radical prostatectomy (RP). Although the majority of men undergoing RP are cured, a subset of men with adverse pathologic features (APFs) present at the time of RP will be at an increased risk for developing a biochemical recurrence in the future. APFs that have been significantly correlated with an increased risk for disease recurrence include: extracapsular extension (ECE), seminal vesicle invasion (SVI), and positive surgical margin(s) (PSM). 1 Other adverse prognostic factors include: Gleason Score (GS) Z7 and an elevated preoperative prostate-specific antigen (PSA) level. 2 For such patients, the 5-year rates of biochemical failure have been estimated to be as high as 40% to 60%. 3 Three randomized controlled clinical trials have uniformly demonstrated a biochemical progression-free survival advantage for men with APFs treated with immediate adjuvant radiation therapy (ART) directed at the prostatic fossa versus initial observation. [4] [5] [6] One trial, Southwest Oncology Group 8794, demonstrated advantages in distant metastasis-free survival and overall survival (OS) with ART compared with observation, with a median follow-up of 12.5 years. 5 Despite these findings, it is currently estimated that <20% of men with APFs actually receive ART. 7 Some physicians instead offer observation with serial PSA testing to the patients, followed by salvage radiation therapy (SRT) at the time of a biochemical recurrence. 1 Although this approach may spare patients who will never develop recurrence of the morbidity associated with prostatic fossa irradiation, there is no level I evidence to support it.
Phase III trials are currently underway to compare ART and early SRT, but results from these trials are not expected for several years. In the meantime, there is no consensus on the optimal postoperative management for men with APFs. 1 In the absence of level I evidence to provide an insight into the controversy regarding ART versus selective SRT for patients with APFs, there is a need for comparative studies examining the 2 treatment approaches in cohorts with longterm follow-up data. We therefore performed a single-institution retrospective analysis to compare the long-term outcomes of men with APFs treated with either ART or SRT. We adjusted for potential confounding in the selection of subjects for ART versus SRT by applying propensity score methods during statistical analysis. 8 
MATERIALS AND METHODS

Data Collection
After obtaining the approval of institutional research board, patients treated with postprostatectomy radiation therapy (RT) at our institution from 1990 to 2009 were identified, comprising a total of 250 patients. Patients with no APFs at diagnosis (n = 24), no pathology records from time of RP (n = 3), and patients with < 2 years follow-up (n = 36) were excluded from the study. All patients were status-post a radical retropubic prostatectomy (RP) or robotic RP and ilio-obturator lymphadenopathy. Only patients with a pT3-4N0 PC or pT2 with PSM were included in this study.
Patient records were reviewed, including the preprostatectomy and postprostatectomy pathology and radiology reports, clinic notes, and laboratory data including serum PSA levels before treatment and at each follow-up. Presence of ECE, SVI, and/or PSM, and pre-RP GS and post-RP GS were extracted from pathology reports. Radiation records were also reviewed to determine RT dose, RT field (prostatic fossa alone or prostatic fossa + pelvis), RT technique, time interval between initiation of RT, and date of RP. Patients treated with RT with an undetectable PSA at the time of treatment were classified as receiving ART. All other patients were classified as receiving SRT. When necessary, dates of death were extracted from the Social Security Database as of July 30, 2011.
Radiation Treatment
Before 2009, postprostatectomy RT was delivered by a 4-6-field technique using 18 to 25 MV photons. RT dose to normal adjacent tissues was minimized using custom blocking. The clinical target volume was delineated to include the prostatic/seminal vesicle bed and surrounding periprostatic tissue. Beginning in 2009, a large percentage of patients were treated using intensity-modulated RT.
Irradiation of the pelvic lymph nodes was performed at the discretion of the treating radiation oncologist. The median RT dose for patients was 66.6 Gy (range, 45.0 to 70.2 Gy), delivered in 1.8 to 2 Gy fractions.
Follow-Up
All patients were seen in follow-up 4 to 6 weeks after completing RT and at 3-to 6-month intervals afterward for the first 2 years after treatment. Afterward, patients were followed at least once annually. Follow-up visits consisted of a history and physical examinations and a serum PSA level. Patients with a rising serum PSA level had further evaluation for recurrent disease, including a digital rectal exam, computed tomography of the abdomen and pelvis, and a radionuclide bone scan.
Statistical Analyses
Statistical analyses were performed using Stata version 11.1 (StataCorp., LP, College Station, TX). The w 2 tests were used to assess associations of categorical variables. Continuous variables were compared using 2-sample t tests. The endpoints evaluated were freedom from biochemical failure (FFBF), freedom from metastatic failure (FFMF), and OS, all defined from the date of RT completion. For men with an undetectable PSA before RT, a biochemical failure was defined as a PSA value of Z0.4 ng/mL with a subsequent confirmation. For all other patients, biochemical failure was defined as 3 documented increases in serum PSA measured at least 6 weeks apart or PSA rise warranting androgen deprivation therapy (ADT). Metastatic failure was defined as evidence of regional or distant metastasis on imaging studies, as documented in clinical notes and imaging reports. Cumulative FFBF, FFMF, and OS rates (from time of RT completion) were estimated utilizing the Kaplan-Meier (KM) method. A multivariate analysis (MVA) was performed using Cox proportional hazard modeling to determine independent prognostic factors significantly associated with FFBF, FFMF, and OS. Factors included in the MVA were: treatment group (ART vs. SRT), SVI (positive vs. negative), ECE (positive vs. negative), margin status (positive vs. negative), GS (r6, 7, 8 to 10), ADT (taken vs. not taken), RT field (prostatic fossa ± pelvis), and age. In addition, time from RP to RT was included in the MVA models to adjust for varying time between surgery and RT between the 2 groups. An alternative survival analysis approach, incorporating a time-dependent covariate for time from diagnosis to RT was completed, with no measurable change in results. Details are available from the corresponding author, upon request. Assumptions of Cox proportional hazards models were verified using the Schoenfeld Residual Method.
A propensity score was calculated to adjust for potential bias because of nonrandom treatment allocation. 8 All MVA Cox analyses were performed for the entire patient cohort, both ADT indicates androgen deprivation therapy; ART, adjuvant radiation therapy; ECE, extracapsular extension; PSA, prostate-specific antigen; RP, radical prostatectomy; RT, radiation therapy; SRT, salvage radiation therapy; SVI, seminal vesicle invasion. with and without stratification by propensity score quintiles. Covariates included in the propensity score model included: age, race, year of diagnosis, RP GS, ECE, SVI, and surgical margin status. All P-values were 2-sided and a P-value <0.05 was considered statistically significant.
RESULTS
A total of 186 patients with a minimum follow-up of 2 years and known information about at least 1 APF were identified. The median follow-up time from the time of RP was 103 months (range, 30 to 247 mo) and 88 months (range, 25 to 229 mo) from the time of RT completion. The median age of patients was 62 years (range, 42 to 72 y). In total, 40% (n = 74) were treated with ART and 60% (n = 122) received SRT. Patient-related, treatment-related, and tumor-related characteristics, stratified by treatment group, are summarized in Table 1 . There were no significant differences between treatment groups in terms of tumor and treatment characteristics, with the exception of pre-RT PSA (P < 0.01), age at RT (P < 0.01), and time interval between RP initiation of RT for ART versus SRT (P < 0.01).
FFBF
Treatment group was found to significantly affect FFBF (log-rank, P = 0.0001). Estimated 5-and 10-year FFBF rates were 84% and 73%, respectively, for patients treated with ART, and 55% and 41%, respectively, for patients treated with SRT ( Fig. 1) .
On MVA performed without adjusting for propensity score, ART was found to be significantly correlated with improved FFBF (hazard ratio [HR], 0.38; 95% confidence interval [CI], 0.21-0.71; P < 0.0001). Presence of SVI on post-RP pathology was associated with decreased FFBF (HR, 2.40; 95% CI, 1.35-4.28; P <0.0001). However, after propensity score was incorporated into the MVA model, there was only a trend toward improved FFBF for patients treated with ART (HR, 0.51; 95% CI, 0.26-1.02; P = 0.06). The negative prognostic significance of SVI on postoperative pathology remained significant (HR, 3.26; 95% CI, 1.85-5.73; P < 0.0001). Results of the MVA of FFBF, with and without propensity score adjustment, are summarized in Table 2 .
FFMF
FFMF was also found to be univariably significantly associated with treatment group (log-rank, P = 0.0028). The KM estimates for FFMF at 5 and 10 years were 98.6% (at both time points) for patients treated with ART, and 91.7% and 80.9%, respectively, for patients treated with SRT.
On MVA performed without propensity score adjustment, there was a trend toward improved FFMF for patients treated with ART versus SRT (HR, 0.11; 95% CI, 0.01-1.34; P = 0.08). No other variables, including presence of SVI, were found to be significantly associated with FFMF. Similar results were noted after incorporating adjustments for propensity score into Cox proportional hazards modeling. Results of the MVA of FFMF are summarized in Table 3 .
OS
KM estimates for OS at 5 and 10 years were 98.6% and 92%, respectively, for patients treated with ART and 95% and 80%, respectively, for patients treated with SRT. OS was not found to be significantly associated with treatment group (logrank, P = 0.054). No variables were significantly correlated with OS on MVA performed, with or without propensity score adjustment (not shown).
DISCUSSION
Determining the optimal postprostatectomy therapy approach for patients with APFs-whether to use early ART or delayed, selective SRT-remains a source of controversy. Critics of ART have noted that, although ART is effective, a large percentage of patients with APFs remain disease-free without RT. In the aforementioned phase III trials comparing ART versus observation, roughly half of all patients randomized to initial observation never suffered a biochemical failure ADT indicates androgen deprivation therapy; ART, adjuvant radiation therapy; CI, confidence interval; HR, hazard ratio; RP, radical prostatectomy; RT, radiation therapy; SRT, salvage radiation therapy. despite APFs. 4, 6, 9 Thus, SRT may provide a more selective approach, where only those patients with recurrent disease are subjected to pelvic irradiation. Although it has been hypothesized that ART and early SRT are equivalent, there is not yet level I evidence to support this notion.
Comparative analyses performed on this subject are limited by an inherent bias that arises when comparing ART and SRT; patients treated with SRT have already suffered a biochemical recurrence, whereas patients treated with ART are all disease-free but have the potential to develop a biochemical recurrence in the future. 10 Thus, patients treated with ART have a significant lead time bias when compared with patients treated with SRT. 10 Moreover, the nonrandomized nature of observational studies also introduces an underlying selection bias into such analyses given that physicians may be more apt to recommend ART or SRT based upon different clinical and pathologic variables, further introducing the potential for confounding.
In the present analysis, we have attempted to account for some of these limitations by incorporating a propensity score into our MVA and by accounting for time between RP and RT. Propensity scores adjust for nonrandom treatment allocation in observational studies by incorporating known variables that may influence treatment decisions to account for selection biases for one treatment over the other. 8 Propensity score analysis has been used previously in observational studies of prostate cancer treatments. 11, 12 Although matching by propensity score may address confounding in observational research, this approach cannot but account for unmeasured confounders. 13 In this study, propensity score analysis was performed to adjust for some known potential confounding in the delivery of ART versus SRT.
An interesting finding from our study is that incorporation of the propensity score significantly impacts the observed influence of ART on FFBF. In a MVA performed without the use of propensity score adjustments, use of ART over SRT was associated with a highly significantly improved FFBF rate, which is consistent with previously published series. 14, 15 However, after incorporating the propensity score into our analysis, there was only a trend toward improved FFBF for ART (HR, 0.51; P = 0.06). These findings are especially interesting, given that the median time from RP to start of RT for patients is only 7 months, suggesting that the men requiring SRT may have had more aggressive disease. Taken together, these results highlight the impact of statistical methodology when comparing ART versus SRT, and this should be considered in future analyses of this subject.
A small percentage of patients included in our study did receive pelvic irradiation and/or neoadjuvant or concurrent ADT with prostatic irradiation. On MVA, the use of pelvic RT or ADT was not found to be prognostic factors associated with FFBF. Previous reports from Stanford University have demonstrated a benefit for patients treated with SRT who are treated with whole-pelvic RT and/or ADT. 16 Preliminary results from Radiation Therapy Oncology Group 9601 also showed a biochemical relapse-free survival advantage in favor of patients receiving 2 years of bicalutamide therapy. 17 Our study was likely underpowered to detect such an association. The issue of whole-pelvic RT ± ADT for patients in the salvage setting is currently being examined in another Radiation Therapy Oncology Group trial (0534).
There are several limitations of the present analysis which are worth mentioning. Although use of a propensity score allows us to account for known covariates that would impact recommendation for ART or SRT, there are likely to be other unknown covariates which we were unable to account for. Moreover, we did not have data on the outcomes for patients with APFs who were not offered ART and never had a biochemical recurrence. This limitation, inherent in the study design, restricts the estimation of treatment effect from ART compared with SRT. Keeping this limitation in mind, our study does indicate that use of delayed, selective RT for the subset of patients with APFs who develop biochemical failure, is not an independent predictor for biochemical failure, distant metastasis, or OS when compared with patients receiving immediate, postprostatectomy RT. Finally, the timing of RT differs between the 2 groups, with ART delivered sooner after diagnosis and prostatectomy than SRT. To address this difference in the analyses of FFBF, DMFS, and OS, we included time from RP to RT as a factor in multivariable models.
There are currently 3 randomized clinical trials underway to compare ART to SRT. The first study, the RAVES study (Radiotherapy: Adjuvant vs. Salvage), which is being conducted by the Trans-Tasman Oncology Group. 18 The primary outcome measure in this study will be biochemical failure (PSAZ0.4 ng/mL). The second study, the RADICALS (radiotherapy and androgen deprivation in combination after local surgery) trial, is being conducted by the Medical Research Council in the United Kingdom. 19 Patients in this study will be randomized to receive ART or observation with SRT at the time of biochemical failure. Patients within each treatment arm will also be randomized to receive no ADT or ADT. The primary endpoint of the study will be cause-specific survival. The third study, the GETUG-17 (Groupe d'Etudes des Tumeurs Uro-Génitales) trial, is a phase III trial in which patients with a pT3-T4 or R1 disease will be randomized to receive either ART with hormonal therapy or delayed SRT with hormonal therapy at the time of a biochemical recurrence ( > 0.2 ng/mL). The primary endpoint of the study will be event-free survival at 5 years. 20 
CONCLUSIONS
In our single-institutional analysis of long-term outcomes of patients treated with ART and SRT, we were unable to demonstrate a benefit for ART versus SRT with regard to FFBF, FFMF, or OS. Although we await the results of the ongoing phase III trials on the subject, future comparative studies on this subject should incorporate statistical methodologies that adjust for biases that arise with the use of observational cohorts of data, as these can significantly impact results. Furthermore, additional studies should focus on identifying subsets of patients who benefit more or less from ART versus SRT, as well as subsets of patients who may benefit from more intensive, combined-modality treatments.
